Background and Purpose-There have not been any new epidemiological studies related to stroke in Tibet for 20 years.
S troke is one of the most common fatal diseases, at least 5 times more so than is myocardial infarction. 1 The incidence of stroke in Tibet was the highest in China according to a national survey 20 years ago, 2 and since then, no other studies have revisited this important public health issue. In recent years, the economic climate in Tibet has changed considerably, as have people's dietary habits and health concepts. 3 Considering these developments, the epidemiology of stroke in Tibet may have changed during this 20-year period. Hence, in this study we described and analyzed stroke occurrence in the capital city, Lhasa, using the City Staff Medical Insurance Registry data from 2006 to 2008.
Materials and Methods

Research Areas
As the capital of the Tibetan Autonomous Region, Lhasa is the center of Tibetan politics, economics, and culture. The mean altitude is 3658 meters above sea level. The climate is characterized by low oxygen/atmospheric pressure, cold with extreme variability (the yearly temperature range is small and the daily range is large), low humidity, and strong ultraviolet radiation. Lhasa includes 1 subordinate central district and 7 suburban counties. At the end of 2007, the total population was 622 316; of these, 464 736 were permanent residents. Of the total population, 88.9% were of Tibetan ethnicity, 10.5% were Han, and 0.6% belonged to Ͼ30 other ethnicities. The diet there is characterized by high fat, high protein, low carbohydrate, high salt, and low fiber, seemingly contrary to the concept of a healthy, balanced diet. 4 -6 
Research Population
The data were culled from the City Staff Medical Insurance Registry in Lhasa, which covered 13.21% of the permanent residents there, between October 2006 and October 2008. This comprised 81 298 people, who were all Ͼ18 years old and of which 52 199 were men (63.50%). As for ethnicity, 46 079 were Tibetan (56.06%), 32 124 were Han (39.08%), and 3095 were of other ethnicities (3.76%). Of the total, 56 189 (68.36%) were employed. Table 1 shows the age distribution of the research population. Most people on the Registry were employees of governmental departments or state-owned enterprises. Treatment for stroke is listed as a cost-free disease by the local government; hence, all costs are covered when patients were hospitalized with confirmed stroke in designated hospitals. All patients admitted to these hospitals with possible stroke were investigated with a brain computed tomography scan or magnetic resonance imaging within 24 hours of presentation. If the patient had been admitted to a suburban hospital first, he or she was then transferred to the designated hospitals once his or her vital signs were stable. Those patients confirmed with stroke received further examinations such as blood pressure monitoring, a cholesterol level test, blood glucose, electrocardiography, and echocardiogram for riskfactor screening.
Research Methods
The City Staff Medical Insurance Registry was searched for patients with certain International Classification of Disease (ICD) codes of discharge diagnosis (ICD-10 codes I60.901-I63.902) and relevant medication received during hospital stay (such as anticoagulants and antiplatelet drugs and drugs administered for hypertension, coronary heart disease, myocardial infarction, and diabetes mellitus). The selected patients were verified against their hospital medical records, including test results. Finally, patients with uncertain relevant past histories were telephoned and any deficient details were collected. Two neurologists were asked to check all patient information and rectify the diagnosis and classification until they reached agreement. Strokes were classified by subtypes of cerebral infarction, spontaneous intracerebral hemorrhage, and spontaneous subarachnoid hemorrhage. Nine cases of transient ischemic attacks were excluded. Death due to stroke was determined by death within 30 days of last stroke and a lack of any other causes according to the hospital's death record.
Criteria and Operational Definitions
Stroke was defined as "rapidly developing clinical signs of focal (or global) disturbance of cerebral functions, with symptoms lasting 24 hours or more or leading to death, with no evident cause other than vascular origin." 7 "First-ever strokes" were defined as clinical strokes that occurred in patients without any prior stroke events. All patients with first-ever strokes between October 1, 2006 and October 1, 2008 were included in the estimate. From this, the average annual incidence rate was calculated. All deaths within 30 days of onset between October 1, 2006 and October 1, 2008 were incorporated into calculation of mortality rate. All deaths between October 1, 2006 and October 1, 2008 were incorporated into the calculation of case fatality rate. "Cerebral infarction and intracerebral hemorrhage" was defined according to symptoms, signs, and corresponding computed tomography scan results. 7 "Spontaneous subarachnoid hemorrhage" was defined in accordance with the criteria for stroke and brain images or cerebral fluid test that could confirm it. 7 "Hypertension" was defined according to the baseline systolic blood pressure of Ն140 mm Hg, diastolic blood pressure Ͻ90 mm Hg, or under antihypertensive treatment. Heart disease was determined by a cardiologist according to positive results on physical examination, electrocardiography, and echocardiogram; categories of heart disease included coronary heart disease, myocardial infarction, valvular heart diseases, (mainly rheumatic in Tibet), and cardiac arrhythmia (atrial fibrillation and sick sinus syndrome). Diabetes mellitus was determined according to the World Health Organization criteria of 1997. 8 
Statistical Analysis
The incidence rate and mortality rate were denoted by case load/ 100 000 per year and age adjusted 9 to the 2000 World Health Organization standard population. The case fatality rate was denoted by percentage. A 95% CI was determined by Poisson model. 9 The statistical significance of morbidity was tested by 2 test on a contingency table.
Results
General Social Characteristics
Patients (165) were diagnosed with stroke according to the criteria; 133 of these were first-ever patients, and of those, 109 were men (82%) and 24 were women (18%). Among first-ever patients, 71 patients were Tibetan (53.4%), 61 patients were Han (45.9%), and 1 patient belonged to another ethnicity. Thirty-seven patients were employed (27.8%) and 96 patients were retired (72.2%). Seventeen patients were Ͻ45 years of age (12.8%). Most of the included cases were employees from the geologic survey, as well as from governmental, educational, and traffic departments.
Incidence Rate of Stroke
Annual Incidence Rate Between October 1, 2006 and October 1, 2008, there were 133 new-onset cases in the registry population, giving a crude annual incidence rate for stroke of 81.798/100 000 per year (95% CI, 62.328 -101.450), and an age-standardized annual incidence rate of 88.725/100000 per year (95% CI, 72.228 -105.221).
Seasonal Diversity
No differences in incidence rate were observed by season (Table 2) .
Incidence Rate by Sex and Ethnicity
The incidence rate among men was much higher than that among women. The incidence rate in Lhasa of Tibetan people was lower than that of Han people (Table 3) .
Stroke Subtypes
Among first-ever stroke patients, cerebral infarction was the most common subtype, followed by intracerebral hemorrhage. Among all stroke patients, the proportion of cerebral infarction was 97/165 (58.79%), and spontaneous cerebral hemorrhage was 60/165 (36.36%); the ratio of the 2 was 1.46. However, in Tibetan patients, the ratio was 1.00, which was much lower than that in Han patients (2.28) ( Table 4) .
Average Incidence Rate by Age
Onset age of stroke patients ranged from 26 to 85 years, with a mean of 60.32Ϯ1.044 years and a median of 61 years. With aging, the incidence rate increased, and between 20 to 89 years, was statistically significant (Table 5) .
Mortality Rate and Fatality Rate
Of the 165 patients, 36 patients died within 30 days of stroke onset. The case fatality rate was 21.82%, and the agestandardized annual mortality rate was 25.941/100 000 (95% CI, 16.416 -35.466).
Risk Factor Analysis
Hypertension was the most common risk factor for stroke, occurring in 81/133 new-onset patients (60.9%). This was followed by heart disease in 18/133 patients (13.5%), and diabetes mellitus in 14/133 patients (10.5%). In Tibetan patients, hypertension was still the primary risk factor (47/71, 66.2%) as was the case in Han patients (33/61, 54.1%). However, with regard to the crude annual incidence rate in the research population from 2006 to 2008, hypertension was still the highest at 208.492/100 000 per year, but diabetes was second with 194.347/100 000 per year, and heart disease followed with 71.342/100 000 per year.
Discussion
This is the first epidemiologic investigation on stroke in Tibet since a study in 1986. 2 Our findings revealed the basic stroke status in recent years. The most common subtype was cerebral infarction and the most important risk factor was hypertension. Stroke seemed less common in Tibetan people than it was in Han people. The incidence in men was greater than that in women. There was also a much higher tendency toward younger onset of stroke than was found in other parts of China. The findings may provide critical direction for local hygiene policy. Our study only represented the status of stroke in Lhasa and was also restricted to data in the newly established City Staff Medical Insurance Registry. In addition, the research population was limited to those who worked in state-owned enterprises and governmental departments, most of whom were covered by better hygienic conditions and medical services compared with other people in Lhasa. The stroke occurrence in suburban people with a more original Tibetan lifestyle could not be determined by our study. Furthermore, patients who were not admitted to the hospitals, had minor symptoms, were treated in local clinics, or died at home after discharge from hospitals were probably missed by our investigation. This might add confounding factors to the analysis of incidence rate and mortality rate. While according the economic condition and the health-seeking habits in the research population, the missed portion was rather small, though the accurate admission rate in Lhasa was unavailable. The Insurance Registry used the code from ICD-10 for diagnosis and classification of stroke, yet the specificity and sensitivity of the ICD-10 assignment in hospitals of Lhasa was not tested before the study. Alternatively, we used recruiting data from hospital medical records and telephone interviewing information to rectify the final diagnosis and classifications.
The report from the 1986 National Stroke Survey 2 showed Tibet to be the region with highest incidence rate of stroke at 450.4/100 000 per year and mortality rate of 370.2/100 000 per year (achieved through random clustering samples in urban areas and representative samples in rural areas, standardized by the 1960 United States total population). 9a However, with a different research population, the agestandardized incidence rate of our study by 1960 United States population was 101.773/100 000 per year and the mortality rate was 29.310/100 000 per year; this suggested a great decrease of the 2 rates compared with those in the earlier study (1986 National Stroke Survey). These decreases are the result of improvements in the living conditions and medical services of Tibet in recent years. 3 The increase of mean life expectancy of Tibetan people from 44 years to 67 years also explained the changes. 3 The case fatality rate in this study was 21.82%, lower than that of India (40.08%) 10 but higher than that in studies in China 11 ; it is also in the middle of the range (17%-33%) observed in reports from other countries. [12] [13] [14] [15] [16] In our study, stroke was still the most common fatal disease, with the incidence rate about 11 times more than that of myocardial infarction, in accordance with other reports. 17 Hypertension was confirmed to be the primary risk factor in our study, as it was in other domestic investigations. 18 The investigation in 2002 19 revealed the prevalence rate of hypertension in the elderly of Lhasa to be 40.68%; various factors such as special geologic conditions, lifestyle, low education level, inadequate exercise, and high intake of fat and salt contributed to it.
The decreased onset age was another tendency revealed in our study, that men showed prominent incidence than women, as 12.8% of first-ever stroke patients were Ͻ45 years old, which is higher than the ratio from other studies. 2,20 -21 A large-scale, hospital-based study on risk factors for stroke in 18 mainland Chinese provinces showed that 19-to 45-yearold patients accounted for 9.77% of 64 558 stroke inpatients; ischemic stroke was the most common subtype (63.3%). 22 The crucial risk factors for stroke in young patients were hypertension (41.0%), smoking (38.8%), drinking (38.3%), prior stroke (14.9%), heart disease (7.2%), diabetes (5.2%), and hyperlipidemia (4.2%). Male patients accounted for 72.7% of the whole, with the main risk factors of hypertension, smoking, and drinking being higher than in female patients (PϽ0.05). Meanwhile, the study in 264 stroke patients ages 18 to 45 years from Taiwan showed hyperglycemia (53.1%), smoking (49.8%), and hypertension (45.8%) to be the most common factors. 23 Our study did not include data from risk factors related to diet; however, the much higher intake of alcohol in men and in young people could be one of the reasons.
Several studies suggested that stroke occurred most often at the end of autumn and winter. 20 -24 In our study, no influence of seasons on the occurrence of stroke were found; this might be the result of the small yearly temperature range in Lhasa compared with the distinct seasonal variations in eastern China.
Differences in the stroke incidence rates between ethnicities was found in this study. The incidence of stroke in Lhasa was higher in Han people than in Tibetan people, even though these groups share similar habits and environment. This could result from the different adaptability and susceptibility between aboriginal residents and immigrant Han people. The difference of the ratio of cerebral infarction over hemorrhage between Han and Tibetan stroke patients could also be evidence. But the investigations about the influence of ethnicities on vascular diseases in Tibet were unavailable to reveal the underlying reasons.
Compared with the figure in domestic investigations, the age-standardized annual incidence rate of Han people in Tibet is 103.121/100 000 per year (by Segi population), similar to the level of 76.1/100 000 per year in Shanghai (southern seaside) and 135.0/100 000 per year of Beijing (northern) from 1991 to 2000. 25 These were sampled from a communitybased stroke-monitoring database and standardized by Segi population. Among Han people, the interregional difference at a similar altitude did not seem evident and migration into different environments did not show much impact on stroke occurrence. Because of the lack of data regarding Tibetan people in different regions, it is uncertain whether this holds true for all ethnic Tibetan people.
In our study, cerebral infarction was most common subtype (58.79%). Although the reported range is wide, studies in China show similar proportions of cerebral ischemia (45.5%-75.9%) and cerebral hemorrhage (17.1%-55.4%). 25 In our study, it was found that, with developments in Tibet, the incidence of stroke decreased and the prognosis of stroke improved. Meanwhile, the necessity for prevention of stroke was still severe with the increasingly prominent trend of younger onset. Hypertension and unhealthy diet played critical roles in stroke occurrence. Active promotion and advocacy for a healthy diet and lifestyle to prevent hypertension and stroke presented a critical project for the local medical institutions and health authority. In addition, wider investigations and more specific subanalysis, especially about the risk factors and prognostic factors of stroke in the whole of Tibet, are essential and urgent for additional development and application of stroke strategy.
